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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
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Abstract.

Introduction: Sepsis-associated hyperlactatemia (SAHL),
Lactic acidosis, is acommon problem in critically ill patients. The
prevalence of Lactic acidosis is estimated to be approximately
1% of all hospitalized nonsurgical patients. The purpose of our
study was to reveal possible associations between the level
of Lactate with sepsis biomarkers: PCT, IL 6, and PO2 in the
presence of ACE 2 inhibitors in Covid-19 infected and non-
infected patients with Septic Shock.

Methods: We conducted a cohort study, comparing outcomes
of 212 critically ill patients with Septic shock, who were treated
in the intensive care unit of First University Clinic of Tbilisi
State Medical University during the 2020-2021 years.

Inclusion criteria for the study were: Age>40ys; COVID-19
and other respiratory diseases associated with Septic shock,
with respiration dysfunctions with prior exposure to ACE2
inhibitors o no history of treatment with the ACE2 inhibitors.

Patients enrolled in the study were individuals who were
diagnosed with COVID-19 infection and septic shock, and who
were undergoing treatment with ACE2 inhibitors/not taking
ACE2 inhibitors; patients with septic shock who were not
infected with COVID-19, and who were undergoing treatment
with ACE2 inhibitors/not taking ACE2 inhibitors. According to
lactate level, the studied patients were divided into subgroups:
lactate <3 mMol/l, and lactate > 3mmol/I.

In patients with septic shock who were not infected with
COVID-19 the main Causative microorganisms were gram-
negative bacteria.

In patients’ blood the Interleukin-6 (IL-6), lactate, procalcitonin
(PCT), p0O2, and pulmonary pressure were investigated.

Results: Results of the study show that the rise in lactate
levels in COVID-19-infected and non-infected patients was
accompanied by an increase in PCT content and a decrease
in pO2 level in blood. Therefore, serum lactate levels can be
used as a prognostic marker of the severity of septic shock in
COVID-19-infected and noninfected patients. In COVID-
19-infected patients together with the increased lactate level,
increases the level of IL-6, which indicates the important link
between the quality of immunological disorders, inflammation,
and COVID-19 infection in patients with ARDS and sepsis.
These alterations were not prevented by the prior use of the
ACE2 inhibitors.

Conclusion: In COVID-19-infected and noninfected patients
who didn't use ACE2 inhibitors, high lactate levels were
accompanied by decreased pulmonary pressure which was
normalized in patients who prior used ACE2 inhibitors.

Key words. ACE2 inhibitors, lactate, septic shock, Covid-19.
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Introduction.

Sepsis-associated hyperlactatemia (SAHL), Lactic acidosis,
is a common problem in critically ill patients. The prevalence
of Lactic acidosis is approximately 1% of all hospitalized
nonsurgical patients. Since it is associated with a high mortality
rate, critical care physicians need to be adept at diagnosing and
treating this grave clinical condition [1-3].

In sepsis, there may be observed an increased production of
lactate even in the absence of hypoxia. Hyperlactatemia may
be caused both by oxygen debt at inadequate tissue perfusion
and may be promoted by endotoxin-induced inhibition of
pyruvate dehydrogenase activity or by damaged oxidative
phosphorylation, increased anaerobic glycolysis, leading to
pyruvate and lactate accumulation in the cell, with consequent
leakage of excess lactate into the circulation, causing an increase
in blood lactate level [4,5].

COVID-19 is a localized “respiratory infection” and
a “multisystem disease” caused by diffuse systemic
processes involving complex interactions of immunological,
inflammatory, and coagulation cascades. The SARS-CoV-2
itself can cause sepsis regardless of the presence of secondary
bacterial or fungal infections [6] through various mechanisms,
including immune dysregulation, and respiratory dysfunction,
which in the conditions of circulatory dysfunction and disorders
of microcirculation, leading to hypoxia, hypoxemia, metabolic
acidosis, and the multiorgan failure observed in COVID-19
[6,7].

Pulmonary arterial hypertension, defined as a mean pulmonary
artery pressure exceeding 20 mmHg, is usually observed in
human sepsis, even before the development of acute respiratory
distress syndrome (ARDS). Pulmonary arterial hypertension
during sepsis and ARDS was associated with obstruction of
the pulmonary microcirculation with microthrombi composed
of platelets and leukocytes, and also with active pulmonary
vasoconstriction induced by the autonomous nervous system,
hypoxia or vasoactive humoral factors ("mediators") [8,9].
Elevated pulmonary vascular pressure, due to pulmonary
vasoconstriction and vascular remodeling, opposes blood
flow through the lungs thus limiting the ability of the right
ventricle (RV) to increase cardiac output (CO) and maintain
adequate oxygen delivery to tissue. Although the exact cause
of pulmonary arterial hypertension in sepsis is unknown, it is
associated with high mortality [8-10].

The renin-angiotensin system (RAS) is a complex endocrine
system with a multi-dimensional enzymatic cascade to keep
arterial blood pressure constant, which in turn helps maintain
tissue perfusion and extracellular volume [4,11,12]. Although
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RAS activation is a physiological reaction counteracting
septic shock, excessive activation may further aggravate pro-
inflammatory responses and vascular dysfunction, resulting in
worse clinical outcomes. In particular, a high degree of RAS
activation was associated with microvascular dysfunction
and organ failure in patients with sepsis [12,13]. Conversely,
the inactivation of RAS showed protective effects on acute
pulmonary or renal injury and decreased endotoxin-induced
oxidative stress and endothelial dysfunction [10,14,15]. In
animal models, the inhibition of angiotensin II improved
mortality due to sepsis [16]. Accordingly, chronic suppression
of RAS before an event of sepsis may be beneficial for clinical
outcomes. One human observational study reported that the 30-
day mortality rate due to sepsis was reduced in elderly male
patients who ever received Angiotensin II receptor blockers
(ARBs) [13,17]. However, there is a lack of evidence evaluating
the relationship between RAS suppression before an event of
sepsis, and clinical prognoses. There have been several studies
to evaluate whether ACE inhibitors or ARBs can be beneficial
in sepsis [13,18,19].

For diagnosis of sepsis, several potential blood biomarkers
are considered for sepsis diagnosis, among which, interleukin
6 (IL-6), Procalcitonin (PCT), and C-reactive protein (CRP) are
most widely used in clinical routine [18,20]. Normally, PCT is
produced by C-cells in the thyroid gland. In the case of systemic
bacterial infection, PCT is also produced in many non-thyroidal
cells, and the levels of PCT dramatically increase within a few
hours [21]. In patients with sepsis, IL-6 values were also found
elevated persistently [20].

The aim of our study was to identify possible diagnostic
markers of the severity condition of the patients with ARDS
and septic shock. For this purpose, we investigated the possible
dependence between the level of Lactate and sepsis biomarkers
(PCT, IL-6, and pO2) (in the presence and without ACE2
inhibitors) in COVID-19-infected and non-infected patients.

Materials and Methods.

We conducted a cohort study of 212 critically ill patients with
Septic shock (134 men (63.3%) and 78 women (36.7%), with
a mean age between 40-70 years were evaluated), who were
treated in the intensive care unit of First University Clinic of
Thilisi State Medical University during 2020-2021 years.

Inclusion criteria for the study were: Age>40ys; COVID-19
and/or other respiratory diseases associated with Septic shock,
with respiration dysfunctions with prior exposure to ACE2
inhibitors or no history of treatment with the ACE2 inhibitors.

Exclusion criteria: Age< 40 years; absence of respiratory
dysfunction.

Patients enrolled in the study were divided into 4 target groups:
Group I comprised individuals who were diagnosed with
COVID-19 infection and septic shock and were undergoing
treatment with ACE2 inhibitors. Group 2 patients were those
who were diagnosed with COVID-19 infection and septic shock
and were not taking ACE 2 inhibitors. Group 3 included patients
with septic shock who were not infected with COVID-19 and
were undergoing treatment with ACE2 inhibitors. Group 4
comprised patients diagnosed with septic shock who were not
infected with COVID-19 and were not taking ACE 2 inhibitors.
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According to lactate level, the studied patients were divided into
subgroups: Groups la, 2a, 3a, 4a - whose lactate was <3mmol/I,
and 1b, 2b, 3, 4b - whose lactate was> 3mmol/I.

In patients with septic shock who were not infected with
COVID-19 (Groups 3, 4) the main causative microorganisms
were gram-negative bacteria.

Laboratory tests.

In the patients' blood, we evaluated changes in variables
such as Interleukin-6 (IL-6; Norm - < 17.4Pg/ml), lactate
(Norm - 1.5-2.2mmol/l), and PCT (Norm - < 0.05 ng/ml).
The level of IL-6 concentration in the blood by the electro-
chemiluminescence (ECL) method on the Cobas e-411 (Roche)
device with Elecsys IL-6 reagent; PCT was measured by
immunofluorescence method using a Fin care III Plus device.
Lactate was measured by spectro-photocolorometric method,
on the biochemical analyzer Cobas C 111. pO2 by radiometric
cartridge method with t ABL 90 FLEX (RADIOMETER)
device. The pulmonary arterial pressure was measured by GE
Vivid s5 Ultrasound Machine (Norm 21 = 4 mm Hg).

Statistical Methods.

For comparative analysis of the data, we used Factorial
Analysis of Variance (We used the Software Program SPSS-
12 for Windows to process the data and visualize the results).
Statistically significant differences between parameters were
assumed; p<0,005 was considered statistically reliable.

Results.

According to the results of our study in COVID-19-infected and
non-infected patients who didn’t use ACE2 inhibitors difference
in lactate level was not detected, though in COVID-19 non-
infected patients who used ACE2 inhibitors the level of lactate
increased up to 7mmol/l (The normal range is 0.5-2.2mmol/l)
(Figure 1).

In COVID-19-infected and non-infected patients, who
used ACE2 inhibitors the level of PCT was the lactate level
dependent - if the lactate level was high, the PCT level was also
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Figure 1. The impact of ACE2 inhibitors on the lactate level in

COVID-19 infected and non-infected patients. (The mean value,
Standard deviation, and Confidence interval of 95 %).
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Figure 2. Dependence of PCT on lactate level in COVID-19 positive
and negative patients, with or without prior use of ACE2 inhibitors.
(The mean value, Standard deviation, and Confidence interval of 95 %).

=
A
P
b=l
-
1
4
I
o~
o]
o
=
&
b
)
1
3]
< ! ]
Norm High Norm High
COVID: n COVID: y
Lactate level

Figure 3. Dependence of pO, on the lactate level in COVID-19 positive
and negative patients, with or without prior use of ACE2 inhibitors.
(The mean value, Standard deviation, and Confidence interval of 95 %).
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Figure 4. Dependence of Pulmonary pressure on the lactate level in
COVID-19 positive and negative patients, with or without prior use of
ACE2 inhibitors. (The mean value, Standard deviation, and Confidence
interval of 95 %).
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Figure 5. Dependence of IL-6 on the lactate level in COVID-19 positive
and negative patients, with or without prior use of ACE 2 inhibitors.
(The mean value, Standard deviation, and Confidence interval of 95 %,).

Table 1. Groups of studied patients.

Lactate level ACE2 inhibitor

Group 1 COVID-19- Group la <3mmol/l +
infected patients Group 1b >3mmol/l +
Group 2 Group 2a <3mmol/l -
CQVID-19-1nfected Group 2b ~3mmol/l i
patients

Group 3 COVID-19- Group 3a <3mmol/l +
noninfected patients  Group 3b >3mmol/l +
Group 4 Group 4a <3mmol/l _
COVID-19-

noninfected patients Group 4b >3mmol/l -

high. Without the use of ACE2 inhibitors, there was no relation
between the lactate level and PCT (Figure 2).

In COVID-19-infected and non-infected patients, who used
ACE2 inhibitors, pO2 was dependent on the level of lactate - if
the lactate level was high, the pO2 level was low. Without the
prior use of ACE2 inhibitors, there was no relation between pO2
and lactate level (Figure 3).

As it seems from the study results, in all investigated patients
pulmonary hypertension (>20 mmHg) was detected. In patients
who didn’t use priorly ACE2 inhibitors, the level of pulmonary
pressure was lactate level dependent — if the lactate level was
high, the pulmonary pressure decreased significantly, especially
in COVID-19-negative patients. In the case of the use of an
ACE2 inhibitor, there was no relation between pulmonary
pressure and lactate level (Figure 4).

In COVID-19-infected patients, the level of IL-6 was Lactate
level dependent — IL-6 content increased with the increase of the
lactate level, especially, in the case of the prior use of the ACE2
inhibitors. In COVID-19-non-infected patients, the level of IL-6
did not change despite the changes in lactate level (Figure 5).

Discussion.

Serum lactate levels usually are used as a surrogate marker
of tissue hypoxia in critically ill patients, also reflect the



progression of septic shock and, therefore, may be used as a
noninvasive prognostic marker or guide to resuscitation. Some
studies demonstrated hyperlactatemia in patients with ARDS
that were proportional to the severity of the lung injury, several
studies indicate that there is no significant relation between
lactate levels and the severity of lung disease [12,22].

We investigated the lactate level in the patient's blood with
ARDS and sepsis (COVID-19-infected and non-infected).
According to the results of the presented study, alterations of the
lactate level in COVID-19-infected and non-infected patients
with ARDS and sepsis were dependent on the previous history
of use of ACE2 inhibitors: in patients, who didn’t priory use
ACE2 inhibitors difference in lactate level between COVID-19-
infected and non-infected patients was not detected; in patients
who used ACE2 inhibitors the level of lactate in COVID-19
non-infected patients was importantly higher than in COVID-
19-infected patients.

In sepsis, increased production of lactate may be caused both
by oxygen debt at inadequate tissue perfusion and endotoxin-
induced inhibition of pyruvate dehydrogenase activity or by
damaged oxidative phosphorylation, and increased anaerobic
glycolysis; disorders in mitochondrial respiration, activation
of anaerobic glycolysis in the tissue cells, and accumulation of
lactate in the blood may be induced by Ang II, initiating the
inflammatory cascade [2,24,26]. Therefore, the prior use of
ACE2 inhibitors can support the decrease of Ang II level and
its pro-inflammatory cascade, in particular, disorders in the
mitochondrial respiratory chain, in critically ill COVID-19-
infected and non-infected patients with septic shock [19,27,28].

Itisbelieved, SARS-COV enters alveolar cells viaa membrane-
bound angiotensin-converting enzyme 2 (ACE2), which is the
binding site for the coronavirus spike protein, promoting its
adhesion to the cell surface, followed by internalization of the
SARS-COV/ACE2 complex into the cytoplasm which reduces
ACE2 expression on the membrane surface [11,23,24], leads
to the increase of Ang II level, Ang II-induced ROS formation
[24-26], and inclusion of inflammation. These effects are
the additional source, promoting disorders in mitochondrial
respiration and activation of anaerobic glycolysis in the tissue
cells, and accumulation of lactate in the blood. In our previous
studies it was shown that in patients infected with COVID-19
with ARDS and sepsis who did not receive ACE2 inhibitors, the
initial level of Ang II was higher than in non-infected patients
[19,27]. In COVID-19-infected and uninfected patients with
ARDS and sepsis, ACE2 inhibitors reduce the levels of Ang
IT and the severity of inflammation (CRP, IL-6, the activity of
leukocytes and blood pro-coagulation system (level of D dimer),
and therefore, the ACE2 inhibitors play an important role in
the regulation of inflammatory processes in both COVID-19-
infected and non-infected patients with septic shock [19,27,28].

According to the results of the presented study, in COVID-
19-infected and non-infected patients with ARDS and sepsis
who didn’t use ACE2 inhibitors difference in lactate level
was not detected; in COVID-19 non-infected patients who
used ACE2 inhibitors, the level of lactate was importantly
higher than in COVID-19-infected patients. According to the
literature data, intracellular ANG II plays an important role in
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the regulation of mammalian cell function and is involved in
the pathogenesis of various human diseases. ANG II through
nuclear AT1Rs promotes protective mechanisms by stimulating
the AT2R signaling cascade, which involves mitochondrial
AT2Rs and Mas receptors. The stimulation of nuclear ANG II
receptors enhances mitochondrial biogenesis thus protecting
the cell against oxidative stress. These studies indicate that
iRAS promotes the protection of cells through nuclear AT1R
signaling, which, in turn, promotes AT2R-dependent processes
in mitochondria [29].

The rice in lactate level in COVID-19-infected and non-
infected patients is accompanied by an increase in PCT content
and a decrease in pO2 level. In COVID-19-infected patients
together with the increased lactate level, the level of IL-6
increases, which indicates the important link between the quality
of immunological disorders and inflammation and CPVID-19
infection in patients with ARDS and sepsis. Therefore, lactate
level reflects the severity of inflammation in patients with
ARDS and septic shock. These alterations cannot be prevented
by ACE2 inhibitors.

In COVID-19-infected and noninfected patients who didn't
use ACE2 inhibitors, high lactate levels were accompanied by
decreased pulmonary pressure which was normalized in patients
who prior used ACE2 inhibitors.

Conclusion.

Serum lactate levels can be used as a prognostic marker of the
severity of septic shock in COVID-19-infected and noninfected
patients. The rice in lactate level in COVID-19-infected and
non-infected patients is accompanied by an increase in PCT
content and a decrease in pO2 level. In COVID-19-infected
patients together with the increased lactate level, the level of
IL-6 increases, which indicates the important link between
the quality of immunological disorders and inflammation and
COVID-19 infection in patients with ARDS and sepsis. These
alterations cannot be prevented by ACE2 inhibitors.

In COVID-19-infected and noninfected patients who didn't
use ACE2 inhibitors, high lactate levels were accompanied by
decreased pulmonary pressure which was normalized in patients
who prior used ACE2 inhibitors.
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